A one-parameter family of models that interpolates between the periodic A nderson model with infinite repulsion at half-filling and a model whose ground state is exactly the Resonating-Valence-Bond state is studied. It is shown numerically that the excitation gap does not collapse. Therefore the ground states of the two models are adiabatically connected.
where n is an index of the unit cell. In Fig.1(a) , the lattice structure of the model is shown where • and • denote f -and c-sites respectively. Electrons at f -sites feels infinitely large on-site Coulomb repulsion(U = ∞) and c-sites do not have Coulomb repulsion(U = 0). The projection operator ℘ represents to project out the states with doubly occupancy at the f -sites. When one imposes ǫ c = 2 − (λ
2 ) , and ǫ f = 2 − 2 = 0, the ground state at half-filling is explicitly written
where
Thus it is given by creations of nearest-neighbor singlet pairs on the vacuum. This state is the RVB state which we use as the canonical ground state with the correlation gap.
The existence of the finite energy gap has not been shown analytically. But it is numerically confirmed in the present work. This is consistent with the behavior of correlation functions of a local quantities which are analytically shown to be exponentially decaying [7, 8] . One can expect that the excitation above the ground state is closely related to a local singlet-triplet excitation which apparently has a finite energy cost.
The Hamiltonian of the periodic Anderson model is written
where U is the on-site Coulomb repulsion on f -sites. We consider the strong coupling limit U → ∞. These two Hamiltonians (1) and (4) is connected by changing hopping elements of the Strack model as shown in the Fig.1(c) .
The intermediate Hamiltonian we study is
The Strack Hamitonian (1) which is given by setting t 1 and t 2 as t = −λ 1 λ 2 , t 1 = −λ 2 , t 2 = −λ 1 . Also when t 1 = 0, it reduces to the periodic Anderson model (4) with U = ∞.
III. NUMERICAL RESULTS
To calculate the ground states and the energy gaps for sufficiently large systems, we used the White's method (DMRG) [10, 11] . Also numerical diagonalizations was performed for relatively small systems to check the validity of the DMRG results. It is interesting to note that DMRG is exact in the Strack model [13] . This fact supports the locality of the RVB state.
First we start with the Strack model by setting t = t 1 = t 2 = −1 and ǫ c = ǫ f = 0 in (5). Then it is identical to the Strack's Hamiltonian (1) with λ 1 = λ 2 = 1. By changing t 1 while keeping the other parameters fixed in H C , one gets the periodic Anderson model with ǫ f = 0 when t 1 = 0. The excitation gap obtained numerically are plotted in Fig. 2 . It interpolates t 1 = −1 (the Strack model) and t 1 = 0 (the periodic Anderson model). We used a periodic boundary condition and each values are calculated by taking an extrapolation to the infinite system size. As a reference, the energy gap obtained by the slave boson method is also plotted [13] .
The system size dependence of the energy gap is shown in Fig.3 
